U.S. per capita shell egg consumption has declined steadily since 1955 despite a large downward trend in real price. One suggested reason for the decline is increasing consumer concern with the cholesterol content of eggs (Putler, Schrader et al., Stillman) . However, this issue has received little empirical investigation except for Putler's diffusion process model. Putler modeled the effect of cholesterol information on egg consumption by including a nonlinear function of time in the demand equation.' He concluded that cholesterol information first had an effect in the second quarter of 1969 and had reduced egg consumption by approximately 14% by the fourth quarter of 1980, with no further reductions between 1980 and 1985. Time trends long have been used to account for changes in consumer tastes (Stone) . More specific data on consumers' changing tastes are difficult to obtain. In the case of eggs, however, one can go beyond a time trend variable to conDeborah J. Brown is an associate professor, and Lee F. Schrader is a professor, Department of Agricultural Economics, Purdue University.
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The term in Putler's demand equation is exp[(B + a ) T l -I / exp[(B + a ) g + P / a . T is {(t -t * ) + (t + t f ) } / 2 , where t is the current time period and tf is the time at which cholesterol information begins to affect egg consumption. T is thus zero until period t* and 1, 2, 3, etc. thereafter. r*, P , and a are coefficients estimated using nonlinear regression. struct a measure of information which may have strongly affected consumer taste for the product. This paper describes the construction of a measure of cholesterol information available to physicians and investigates how this information has affected consumer demand for shell eggs.
Cholesterol Information
The links between cholesterol in the diet and heart disease developed gradually since at least 1963. Initial epidemiological studies linking populations with high fat diets to a high incidence of heart disease (Kato et al.) were countered by other epidemiological studies of populations with high fat diets and a low incidence of heart disease (Biss et al.) . Articles indicating a link between dietary cholesterol and blood cholesterol (reviewed by Keys, Grande, and Anderson) were countered by articles that argued against the link (Reiser, Allard et al., Albrink) . Even the 1972 joint policy statement by the American Medical Association Council on Foods and Nutrition and the Food and Nutrition Board of the National Academy of Sciences, while recommending that those with elevated blood cholesterol lower their cholesterol consumption, recommended that "high priority be given to the conduct of studies that will determine reliably the extent to which the modification of plasma lipids, by dietary or other means, . . . can reduce the risks of developing coronary artery disease" (p. 1647). At the same time, controversy swirled over the link Copyright 1990 American Agricultural Economics Association I between blood cholesterol levels and arteriosclerosis or heart attacks (Benditt 1974, Borhani, Levy, McNamara et al.) .
As clinical studies linked cholesterol in the diet to cholesterol in the blood and cholesterol in the blood with mechanisms that damage arteries, the articles in the medical literature became increasingly unambiguous about the importance for at least some part of the population of reducing one type of cholesterol in the diet (e.g., Grundy et al.) . Studies of public awareness of possible danger from high cholesterol diets reflect this slow build-up of medical evidence (Scott et al., Ostrander et al.) . Shekelle and Liu found that only 13% of a population sampled in 1978 were aware that too much cholesterol or fat in the diet might increase the risk of heart attacks.
Consumers receive health information from many sources including physicians, neighbors, and the popular press. The hypothesis underlying the cholesterol index in this paper is that consumers' attitudes toward cholesterol changed slowly as scientific information accumulated, so a lagged index based on articles in medical journals could serve as a proxy for information reaching consumers from many sources. Because the diffusion of health information is a complex process (Smith, van Ravenswaay, and Thompson) Approximately 520,000 human, English, clinical articles are contained in the Medline data base. These were scanned for any connection with cholesterol. Approximately 8,000 of these articles dealt with cholesterol. Many of these articles were considered irrelevant because they focused on smoking, obesity, alcohol abuse, or linked cholesterol with eye, joint, skin, or gall bladder disease. The 8,000 titles were therefore read, and those which did not appear relevant to the links between diet cholesterol, serum cholesterol, and heart disease or arteriosclerosis were discarded. In cases where the content was unclear from the title. the decision to include the One reviewer suggested that people may know something is bad for them without knowing why it is bad for them.
article was based on a review of the article's abstract. Approximately 1,000 such abstracts were consulted. All Scandinavian, British, and Canadian articles were discarded based on the belief that they are less likely to be read by U.S. physicians.
The numbers of articles supporting and attacking the linkage were calculated by quarter. A running total, lagged two quarters, was then calculated, with each article supporting the link adding one unit to the total and each article attacking the link subtracting one unit from the total. The equal weighting of pro and anti articles was later supported by the results of a demand equation including the number of articles supporting and the number of articles attacking the link as separate variables; their coefficients were of similar size but opposite in sign in the directions predicted.
There are several ways to model the effect of cholesterol information apart from a simple sum. One might hypothesize that an article's influence will decline over time, as occurs with advertising campaigns. Alternatively, once a link is established, additional articles supporting that link might have little effect. An Almon lag procedure was used to investigate the lag structure of changes in the cholesterol index on egg consumption. It appears that there is a two-quarter lag before a new article has an effect on egg consumption, but the pattern of decay of influence after this initial period is unclear. Articles appear most consistently influential in the first sixteen quarters, but significant coefficients occur up to thirty-two quarters. Lacking a clearly preferable alternative, a simple sum, lagged two quarters, was used as the cholesterol information index. The cholesterol information index is given in table 1.
The Egg Sector: Supply and Demand Specifications
The supply of eggs is relatively simple to model. A pullet chick grows to production age in five months. A layer remains in production for about twelve months unless a molt and rest period are used to induce a second or third laying cycle. A low egg/feed price means a layer becomes
The coefficient on the lagged sum of articles supporting the links between cholesterol, diet, and heart disease or arteriosclerosis was -.COO245 and was different from zero at a 6% significance level. The coefficient on the lagged sum of articles attacking the links was ,000524, but it was not different from zero at a 10% significance level.
Amer. J . Agr. Econ. For the demand specifications, following Smith, van Ravenswaay, and Thompson, a consumer's utility function is expressed as U(X(Z(N))), where X is a vector of goods with qualities Z, and N is information which affects a consumer's perception of the quality of a set of goods. Let consumers' information, N, be a function of the available scientific information, I. This yields a demand equation in which quantity demanded is a function of prices, income, and available scientific information.
Apart from own price, a reasonable demand equation should include the prices of close substitutes. It is not clear which, if any, foods are substitutes for eggs. Huang and Haidacher and Chavas and Johnson found meat a significant substitute, but George and King, Schrader et al., and Stillman did not. Because some investigators have found significant relationships, the price of meat will be included in the demand equation. Most eggs are eaten at breakfast; therefore, bakery and cereals products are also possible substitutes. However, Putler tested and discarded them in his egg demand model, so they were not used in this model. The cholesterol information index described above represents the available scientific knowledge. Two other variables which reflect changing tastes are also included in the demand equation: percentage of women in the workforce and time. Stillman suggested that the increase in the percentage of women working outside the home may have reduced the quantity of eggs served for breakfast at home because of time constraints. On the other hand, more working women might mean more breakfasts eaten away from home. Surveys for the American Egg Board indicate that egg consumption away from home has been increasing since the late 1970s. Although the anticipated relationship is ambivalent, quarterly values for the percentage of women who are in the labor market, WW, represent this structural change.
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Time is the black box of structural change. Its use indicates a recogrution of structural change without the ability to identify, or perhaps obtain data on, the cause. The time variable here is the number of the quarter from 1 in the third quarter of 1955 to 128 in the second quarter of 1987.
The civilian demand for shell eggs used in this analysis is4
where Dc is the civilian disappearance of shell eggs (production -change in stocks -hatching use -eggs broken + imports -exports -military use); PCis the real twelve-city metro price for grade A large eggs to retailers; P, is the real price of meat; Yc is real civilian per capita income; Q2, Q 3 , Q4 are quarterly dummies to account for changes in seasonal demand; CHOL is the cholesterol information index; WW is the percentage of women in the labor force; and TIME is the quarter number.
Estimation Results
The estimation results reported in this section represent model specifications for both constant and changing coefficients.
Constant CoefJicients
Supply and demand equations were expressed in per capita terms and assumed to be variants of a double log. The resulting equations are: (3) log (SCIN) = co + c1 log PC + CZlog H + C3log F , and (4) log (DClN) = bo + bl log PC + bZ log Ps + b3 log Yc
+ bk structural variable,.
k Military demand, exports and imports, and eggs for breaking are not estimated in this study. The militaty have historically consumed more eggs per capita and are unlikely to be affected in the same way by structural change. Military consumption has recently averaged less than 1/2% of total egg production. Exports and imports are typically less than 2% of egg production, and they are heavily influenced by policies in other nations. Eggs for breaking are sold liquid, dried, or frozen to food manufacturers and food service institutions. Unlike shell eggs, this demand has increased since 1955. The price of eggs for breaking is highly correlated with the price of shell eggs.
The demand equation was estimated using weighted two-stage least squares as described by Kmenta (pp. 705-8) to correct for simultaneity and first-degree autocorrelation. The BoxCox transformation technique was used to test the appropriateness of the double-log form. The results supported the use of a loglinear form rather than a linear form. ' The results for all possible combinations of structural change variables are shown in table 2. These combinations allow one to observe the effect of removing various structural variables on the size and sign of the remaining coefficients.
Initially, egg demand was estimated using data from 1966-87, the period in which the cholesterol information index could be calculated. However, severe multicolinearity occurred between time and women in the workforce, time and income, and time and the cholesterol information index ( p greater than .98 for all). Thus, egg demand was reestimated using data from 1955 to 1987 assuming that the cholesterol information index was zero prior to 1966. This Amer. J . Agr. Econ. assumption seems permissible given Putler's estimate, using 1960-85 quarterly data and a nonlinear time trend, that cholesterol concerns first began to have an effect in 1969. Table 3 shows the Pearson correlation coefficients for this expanded data set. Large correlations still occur between income and time, women working and time, and women working and the cholesterol information index; however, the problem is less severe than when only 1966-87 data were used.
Price is expected to have a negative effect on per capita egg demand. Huang-and Haidacher recently obtained an annual own-price elasticity of -.14. Other own-price estimates, summarized in Chavas and Johnson, range from -.092 to -.40. This study's quarterly own-price elasticity ranged from -.02 to -. 17. depending on the structural variables included in the equation. The model with all structural variables included had an own-price elasticity (-. 17) similar to Huang and Haidacher's and significantly different from zero at the 1% level.
The expected sign on the income coefficient is not clear a priori. Huang and Haidacher obtained an annual expenditure elasticity of -.06, but it was not significantly different from zero. This study obtained a negative income elasticity for 1966-87 which was not different from zero at a 5% significance level. The income elasticity for 1955-87 was negative only when TIME, which is closely correlated with income in this period, was omitted from the demand equation. Huang obtained annual cross-price elasticity estimates for eggs of .047 for beef and veal, -.02 for pork, and -.0075 for other meat; however, none of these were significantly different from zero at a 10% level. In this study, cross-price elasticities for all meat ranged from .004 to . l o . Only when TIME, WW, and CHOL were included in the equation was the coefficient on meat prices different from zero at a 10% level.
The seasonal dummy variables, not shown in table 2, were significantly different from zero regardless of which structural change variables were included.
The choice among structural change variables is difficult. Before considering the empirical results, one can argue that both WW and CHOL have changed the demand for eggs, and that other structural changes could best be captured by TIME. Moreover, the effects of the different structural variables would be difficult to distinguish empirically because they, along with per capita egg consumption and per capita real income, are all strongly trended variables in the sample period.
The R2 is highest if two or three shifters are included in the demand equation, but the differences in R2 are not great once one shifter is included. The coefficients on TIME and CHOL are both consistently and significantly negative. The coefficient on women in the workforce for 1955-87 is only significant at a 5% level if CHOL is omitted from the equation. Moreover, its omission does not greatly affect the signs, sizes, or significance levels of the other variables in the equation for this period. However, the coefficient on women in the workforce is positive and different from zero at a 1% significance level for 1966-87.
When nonnested hypothesis tests (Kmenta, A recursive estimation technique was used on the equation containing all structural change variables to explore the stability of the CHOL coefficient over time (Brown, Durbin, and Evans; Dufour) . The CHOL coefficient was negative and different from zero at a 5% significance level after 1974. The CHOL coefficient declined in absolute value after 1983. The decline is expected if additional medical articles on cholesterol began to have a declining effect on egg consumption. One might hypothesize that, as knowledge accumulates, the importance of new articles on cholesterol which merely confirm previous articles should decline.
The equation with all structural change variables was reestimated with the addition of the variable CHOL-SQUARED to further explore a possible declining effect of cholesterol articles. The estimated coefficient on CHOL-SQUARED was not different from zero at a 10% significance level.
Changing CoefSicients
The effect of cholesterol information can be modeled in alternative ways. One possibility is to assume that price and income coefficients are not fixed but vary with the cholesterol index: + bQs + b,Q2 + b5Q3 + b6Q4 + b,WW + bslnMeat Price + b9TIME. where t-statistics are in parentheses. The coefficients on the interaction terms (PC. CHOL) and Y .CHOL) are different from zero at, respectively, 10% and 5% significance levels. The positive interaction of egg price and cholesterol seems to indicate that cholesterol information has decreased the absolute price elasticity of shell eggs in this period. As real egg prices dropped, egg consumption increased less than would be the case without cholesterol information. The negative interaction of income and cholesterol suggests that cholesterol information has also decreased the income elasticity of shell eggs in this period. As income rose, egg consumption increased less than would have occured without cholesterol information. According to these results, cholesterol information decreased per capita egg consumption by 16% by the second quarter of 1987 using 1955-87 data.
Conclusions
This paper described the construction of a cholesterol information index based on citations of the link between cholesterol and arterial disease in medical journals. When the index was used to predict per capita shell egg demand in a fixed coefficients regression, its coefficient was always negative and different from zero at a 1% significance level regardless of other variables included in the regression. Moreover, the resulting estimates of price and income elasticities were plausible. In a variable coefficients model which specified price and income elasticities as functions of cholesterol information, the presence of cholesterol information decreased the absolute own-price and income elasticities of the demand for shell eggs. As egg prices dropped, shell egg consumption increased less than would have been the case without the cholesterol inAmer. J . Agr. Econ.
formation. Similarly, as income rose, consumption increased less than it would have without cholesterol information. Thus, information about cholesterol appears to have had a substantial effect, decreasing per capita civilian shell egg consumption by 16% to 25% by the first quarter of 1987, depending on the data period used.
A logical extension of this analysis would consider the performance of the cholesterol index in demand equations for red meat and poultry, for various fats, and for dairy products; these products may also have experienced structural changes in demand as consumers' information about cholesterol changed. This study provides evidence that the stock and dissemination of health information may need to be considered when food demands are estimated. [Received July 1988; final revision received October 1989.1 
